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(54) Transfer case with synchronized range shift and adaptive clutch control 



(57) A four-wheel drive power transfer system (10) 
is disclosed to include a transfer case (20) having a 
clutch assembly (42) arranged to control speed differen- 
tiation and torque biasing across an interaxle differential 
(62), sensors (46) for detecting and generating sensor 
signals indicative of various dynamic and operational 
characteristics of the vehicle, and a controller (48) for 
controlling actuation of the clutch assembly (42) in 
response to the sensor signals. Upon the occurrence of 
traction loss, the clutch assembly (42) is automatically 



actuated for limiting interaxle slip while transferring 
increased drive torque to the non-slipping driveline. 
Under a preferred adaptive control scheme, the actu- 
ated condition of the clutch assembly (42) is controllably 
modulated between its non-actuated and fully-actuated 
limits for automatically varying the magnitude of speed 
differentiation and torque biasing across the interaxle 
differential (62) in response to changes in the dynamic 
and operational characteristics of the vehicle. 
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Description 

[0001 ] This application claims the benefit of priority 
application Serial No. 60/123,451 filed March 9, 1999. 

BACKGROUND OF THE 1NVFNTIQ N 

[0002] The present invention relates to a power 
transfer system for controlling the distribution of drive 
torque between the front and rear drivelines of a four- 10 
wheel drive vehicle. 

[0003] Due to increased consumer demand for four- 
wheel drive vehicles, a plethora of different power trans- 
fer systems are currently utilized for directing power 
(Le., drive torque) to all four wheels of the vehicle. For 15 
example, in many "part-time" power transfer systems, a 
transfer case is incorporated into the driveline and is 
normally operable in a two-wheel drive mode for deliver- 
ing drive torque to the driven wheels. When four-wheel 
drive is desired, a "mode" shift mechanism can be 20 
selectively actuated by the vehicle operator for directly 
coupling the non-driven wheels to the driven wheels for 
establishing a part-time four-wheel drive mode. As will 
be appreciated, motor vehicles equipped with such a 
part-time power transfer systems offer the vehicle oper- 25 
ator the option of selectively shifting between the tw<* 
wheel drive mode during normal road conditions aril 
the part-time four-wheel drive mode for operation under 
adverse road conditions. An example of a part-time 
transfer case is disclosed in commonly-owned U.S. Pat- so 
ent No. 4,770,280 to Frost. 

[0004] Alternatively, it is known to use "on-demand" 
power transfer systems for automatically directing 
power to the non-driven wheels, without any input or 
action on the part of the vehicle operator, when traction 35 
is lost at the driven wheels. Modernly, the "on-demand" 
feature is incorporated into the transfer case by replac- 
ing the mode shift mechanism with a clutch assembly 
that is interactively associated with an electronic control 
system and a sensor arrangement. During normal road 40 
conditions, the clutch assembly is maintained in a non- 
actuated condition such that drive torque is only deliv- 
ered to the driven wheels. However, when the sensors 
detect a low traction condition at the driven wheels, the 
dutch assembly is automatically actuated to deliver 45 
drive torque "on-demand" to the non-driven wheels. 
Moreover, the amount of drive torque transferred 
through the clutch assembly to the non-driven wheels 
can be varied as a function of specific vehicle dynamics, 
as detected by the sensor arrangement. One example so 
of such an "on-demand 1 ' power transfer system is dis- 
closed in commonly-owned U.S. Pat No. 5,323,871 to 
Wilson et al wherein the electronically-controlled clutch 
assembly is operable for automatically controlling the 
amount of drive torque transferred to the non-driven 55 
wheels as a function of the wheel speed difference (i.e., 
the wheel slip) between the driven and non-driven 
wheels. 



[0005] As a further alternative, some vehicles are 
equipped with full-time power transfer systems having a 
transfer case equipped with a center differential that 
functions to permit interaxle speed differentiation while 
transferring drive torque to both of the front and rear 
drivelines. To minimize loss of traction due to wheel slip- 
page, many full-time transfer cases are also equipped 
with a clutch assembly for limiting speed differentiation 
and biasing the torque transferred across the center dif- 
ferential. For example, full-time transfer cases are dis- 
closed in commonly-owned U.S. Patent No. 5,697,861 
to Wilson and U.S. Patent No. 5,702,321 to BakowsW et 
al. which are respectively equipped with mechanically- 
actuated and hydraulically-actuated clutch assemblies 
for oontrollably modulating the drive torque delivered 
across the center differential to the front and rear drive- 
lines. 

[0006] While the power transfer systems disclosed 
above have advanced the technology associated with 
four-wheel drive motor vehicles, a need still exists to 
develop alternative arrangements which continue to 
provide improvements in packaging, response time and 
cost 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present inven- 
tion to provide improved power transfer systems for use 
in four-wheel drive vehicles having a transfer case 
equipped with a clutch assembly for controlling the 
torque delivered to the front and rear driveBnes in 
response to changing vehicle conditions. 
[0008] In accordance with one specific object of the 
present invention, a full-time power transfer system is 
disclosed to include a transfer case having a clutch 
assembly arranged to control speed differentiation and 
torque biasing across an interaxle differential, sensors 
for detecting and generating sensor signals indicative of 
various dynamic and operational characteristics of the 
vehicle, and a controller for controlling actuation of the 
clutch assembly in response to the sensor signals. 
Upon the occurrence of traction loss, the dutch assem- 
bly is automatically actuated for limiting interaxle slip 
while transferring increased drive torque to the non-slip- 
ping driveline. Under a preferred adaptive control 
scheme, the actuated condition of the clutch assembly 
is controllably modulated between its non-actuated and 
fully-actuated limits for automatically varying the magni- 
tude of speed differentiation and torque biasing across 
the interaxle differential in response to changes in the 
dynamic and operational characteristics of the vehicle. 
[0009] In accordance with a related object of the 
present invention, the full-time power transfer system 
may further include means for establishing a locked 
four-wheel drive mode in addition to the full-time four- 
wheel drive mode. To this end, a mode select mecha- 
nism is provided for permitting the vehicle operator to 
select one of the full-time and locked four-wheel drive 
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modes and generate a mode signal indicative thereof. 
The mode signal Is delivered to the controller for use in 
controlling actuation of the clutch assembly. When the 
locked four-wheel drive mode is selected, the clutch 
assembly is fully-actuated for preventing speed differen- 5 
tiation across the interaxle differential and thereby deliv- 
ering non-differentiated drive torque to the front and 
rear drivelines. When the full-time tour-wheel drive 
mode is selected, the actuated condition of the clutch 
assembly is controllably modulated between Its non- 10 
actuated and fully-actuated limits. Thus, the power 
transfer system of the present invention offers the vehi- 
cle operator the option of selecting the specific four« 
wheel drive mode best-suited for operating the motor 
vehicle during normal or adverse road conditions as rs 
well as for off-road use. 

[0010] Pursuant to another specific object of the 
present invention, an on-demand power transfer system 
is provided for establishing an on-demand four-wheel 
drive mode and includes a transfer case having the 20 
clutch assembly arranged to automatically transfer drive 
torque from the primary output shaft to the secondary 
output shaft. As a related object, the on-demand power 
transfer system can include a mode select mechanism 
for permitting selection of one of the on-demand four- 25 
wheel drive mode and a part-time four-wheel drive 
mode. When the part-time four-wheel drive mode is 
selected, the clutch assembly is fully-actuated for lock- 
ing the secondary output shaft for common rotation with 
the primary output shaft. 30 
[001 1 ] As a further feature of the present invention, 
each transfer case can be equipped with a gear reduc- 
tion unit and a synchronized range shift mechanism that 
permit n on-the-move" shifting between high-range and 
low-range drive modes. Accordingly, the synchronized 35 
range shift mechanism permits the vehicle operator to 
shift the transfer case between the high-range and low- 
range drive modes without stopping the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 40 

[0012] Further objects, features and advantages of 
the present invention will become apparent to those 
skilled in the art from analysis of the following written 
description, the accompanying drawings and the 45 
appended claims in which: 

FIG. 1 is a schematic representation of a four-wheel 
drive motor vehicle equipped with the power trans- 
fer systems of the present invention ; so 
FIG. 2 is a sectional view of a two-speed full-time 
transfer case constructed according to one pre- 
ferred embodiment of the present invention; 
FIG. 3 is an enlarged partial sectional view taken 
from FIG. 2 showing the components in greater ss 
detail; 

FIG. 4 is a side view of a sector plate associated 
with the drive mechanism for controlling coordi- 



nated actuation of the synchronized range shift 
mechanism and the clutch assembly; 
FIG. 5 is a partial sectional view of a two-speed on- 
demand transfer case constructed according to 
another preferred embodiment of the present inven- 
tion; 

FIG. 6 is a partial sectional view of a single-speed 
full-time transfer case constructed according to yet 
another preferred embodiment of the present inven- 
tion; 

FIG. 7 is a partial schematic view of a two-speed 
full-time transfer case equipped with a modified 
Interaxle differential; and 

FIG. 8 is a partial sectional view showing an alter- 
native clutch actuation system for use with any of 
the full-time and on-demand transfer cases of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] Referring now to the drawings, a drivetrain 
for a four-wheel drive vehicle is schematically shown 
interactively associated with a power transfer system 1 0 
of the present invention. The motor vehicle drivetrain 
includes a front driveline 12 and a rear driveline 1 4 both 
drivable from a source of power, such as an engine 1 6, 
through a transmission 18 which may be of either the 
manual or automatic type. In the particular embodiment 
shown, the drivetrain includes a transfer case 20 for 
transmitting drive torque from engine 16 and transmis- 
sion 18 to front driveline 12 and rear driveline 14. Front 
driveline 1 2 includes a pair of front wheels 22 connected 
at opposite ends of a front axle assembly 24 having a 
front differential 26 that is coupled to one end of a front 
drive shaft 28, the opposite end of which is coupled to a 
front output shaft 30 of transfer case 20. Similarly, rear 
driveline 14 includes a pair of rear wheels 32 connected 
at opposite ends of a rear axle assembly 34 having a 
rear differential 36 coupled to one end of a rear drive 
shaft 38, the opposite end of which is interconnected to 
a rear output shaft 40 of transfer case 20. As will be 
detailed hereinafter with greater specificity, transfer 
case 20 is equipped with an electronically-controlled 
mode clutch 42 that is operable to control the magnitude 
of speed differentiation and torque distribution between 
output shafts 30 and 40. 

[0014] Power transfer system 10 further includes a 
power-operated actuator assembly 44 for actuating 
mode clutch 42. a sensor group 46 for sensing specific 
dynamic and operational characteristics of the motor 
vehicle and generating sensor input signals indicative 
thereof, and a controller 48 for generating control sig- 
nals in response to the sensor input signals. Moreover, 
controller 48 is adapted to control the actuated condition 
of mode clutch 42 by sending control signals to actuator 
assembly 44. As is schematically shown, controller 48 is 
also operable for illuminating a visual display 50 located 
within the passenger compartment for providing the 
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vehicle operator with a visual indication of the opera- 
tional status of power transfer system 1 0. 
[0015] Power transfer system 10 also includes a 
mode select mechanism 52 for. permitting the vehicle 
operator to select one of the available drive modes. In s 
particular, controller 48 controls actuator assembly 44 in 
response to a mode signal sent to controller 48 from 
mode select mechanism 52 that is indicative of the par- 
ticular mode selected. When an -adaptive" four-wheel 
drive mode is selected, controller 48 operates to contin- 10 
uously monitor and automatically regulate the actuated 
condition of mode clutch 42 between its non-actuated 
and fully-actuated limits for varying the magnitude of 
speed differentiation and torque transfer between out- 
put shafts 30 and 40. However, when the mode signal is 
indicates that a "locked" four-wheel drive mode has 
been selected, mode clutch 42 is fully actuated, 
whereby non-differentiated power is delivered to output 
shafts 30 and 40. The locked four-wheel drive mode is 
provided for permitting improved traction when the 20 
motor vehicle is operated off-road or on severe road 
conditions. 

[00161 With particular reference now to FIGS. 2 
through 4, a preferred construction for a full-time trans- 
fer case 20A will now be described Transfer case 20A 25 
includes a housing assembly 54 and an input shaft 56 
rotatably supported from housing assembly 54. Input 
shaft 56 is adapted for connection to an output shaft 
(not shown) of transmission 18 such that both are rotat- 
ably driven by engine 1 6 of the motor vehicla As seen, 30 
rear output shaft 40 is rotatably supported between 
input shaft 56 and housing assembly 54 while front out- 
put shaft 30 is rotatably supported from housing assem- 
bly 54. In addition to clutch assembly 42, transfer case . 
20A is also shown to include a planetary gear assembly 35 
58, a synchronized range shift mechanism 60, and an 
interaxle differential 62. Planetary gear assent>!y 58 
includes a first ring gear 64, a first sun gear 66 fixed for 
rotation with input shaft 56, and a set of first pinion 
gears 68 which are each rotatably supported on a pin- 40 
ion shaft 70 and meshed with first sun gear 66 and first 
ring gear 64. Each pinion shaft 70 extends between a 
front carrier ring 72 and a rear carrier ring 74 which are 
interconnected to define a planet carrier 76. As seen, a 
second ring gear 78 extends from rear carrier ring 74 of 45 
planet carrier 76 and acts as the input to interaxle differ- 
ential 62. 

[00171 Planetary gear assembly 58 functions as a 
two-speed gear reduction unit which, in conjunction with 
a range clutch 80 associated with synchronized range so 
shift mechanism 60, is operable to establish first and 
second drive connections between input shaft 56 and 
second ring gear 78. To establish the first drive connec- 
tion, first ring gear 74 is coupled by range clutch 80 for 
common rotation with Input shaft 46. Thus, the first drive 55 
connection defines a high-range drive mode in which 
planet carrier 76 and second ring gear 78 are driven at 
a first (i.e., direct) speed ratio with respect to input shaft 
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56. Likewise, the second drive connection is established 
by range clutch 80 coupling first ring gear 64 to housing 
assembly 54. Thus, the second drive connection 
defines a low-range drive mode in which planet earner 
76 and second ring gear 78 are driven at a second (i.e. 
reduced) speed ratio relative to input shaft 56. A Neutral 
mode is established when range clutch 80 uncouples 
first ring gear 64 from both input shaft 56 and housing 
assembly 54. As wfll be detailed, synchronized range 
shift mechanism 60 is operable for permitting transfer 
rase 20A to be shifted "on-the-move" between its high- 
range and low-range drive modes. 
[0018] Interaxle differential 62 functions to permit 
speed differentiation and distribute drive torque 
between front output shaft 30 and rear output shaft 40 
so as to establish a differentiated or "full-time" four- 
wheel drive mode. As noted, second ring gear 78, when 
driven at either of the first and second speed ratios, acts 
as the input to interaxle dfferential 62. Interaxle differ- 
ential 62 also includes a planetary gearset with outputs 
operably coupled to front output shaft 30 and rear out- 
put shaft 40. According to the particular embodiment 
shown, the gearset includes a second sun gear 84 fixed 
for rotation with rear output shaft 40, a pinion carrier 86 
coupled via a transfer mechanism 88 for rotation with 
front output shaft 30; a set of second pinions 90 rotata- 
bly supported from pinion carrier 86 and meshed with 
second sun gear 84, and a set of third pinions 92 rotat- 
ably supported from pinion carrier 86 and meshed with 
second ring gear 7a In addition, pinions 90 and 92 are 
arranged in meshed pairs and are supported on corre- 
sponding pinion posts 94 and 96 which extend between 
a front carrier plate 98 and a rear carrier plate 1 00 that 
are interconnected to define pinion carrier 86. As seen, 
thrust bearings 102 and 104 locate rear carrier ring 74 
for rotation relative to first sun gear 66 and front carrier 
plate 98. Transfer mechanism 88 includes a drive 
sprocket 106 rotatably supported on rear output shaft 
40 and which has a tubular hub segment 108 splined to 
rear carrier plate 100 of pinion carrier 86. Transfer 
mechanism 88 also includes a driven sprocket 1 10 fixed 
to front output shaft 30, and a power transfer device, 
such as chain 112, which interconnects driven sprocket 
110 to drive sprocket 106. 

[0019] With continued reference to FIGS. 2 and 3, 
synchronized range shift mechanism 60 is shown to 
include a clutch hub 114 rotatably supported on input 
shaft 56, a first clutch plate 1 16 fixed to input shaft 56, a 
second clutch plate 118 fixed to housing assembly 54, a 
first synchronizer assembly 120 disposed between 
clutch hub 1 14 and first clutch plate 1 16, and a second 
synchronizer assembly 122 disposed between clutch 
hub 1 14 and second clutch plate 1 18. Range clutch 80 
includes a range sleeve 124 having a set of internal 
clutch teeth 126 maintained in constant mesh with 
external teeth 128 formed on clutch hub 114. Further- 
more, range sleeve 1 24 is f ixed for rotation with first ring 
gear 74. With range sleeve 124 in a neutral position, as 
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denoted by position line "N\ its clutch teeth 1 26 are dis- 
engaged from meshed engagement with clutch teeth 
130 on first clutch plate 116 and clutch teeth 132 on 
second clutch plate 118. First synchronizer assembly 
120 is operable for causing speed synchronization 
between input shaft 56 and first ring gear 64 in response 
to movement of range sleeve 124 from its N position 
toward a high-range position, as denoted by position 
line "H". Once the speed synchronization process is 
completed, clutch teeth 126 on range sleeve 124 are 
permitted to move through the teeth of a blocker ring 
134 and into meshed engagement with clutch teeth 130 
on first clutch plate 1 16. Accordingly, with range sleeve 
1 24 positioned in its H position, first ring gear 64 is cou- 
pled to first clutch plate 1 16, whereby second ring gear 
78 of interaxle differential 62 is coupled to rotate at the 
same speed as input shaft 56 for establishing the first 
drive connection therebetween. Thus, when the first 
drive connection Is established, transfer case 20A is 
operating in a four-wheel high-range drive mode. 
[O020] Second synchronizer assembly 1 22 is oper- 
able to cause speed synchronization between first ring 
gear 64 and housing assembly 54 in response to move- 
ment of range sleeve 124 from its N position toward a 
low-range position, as denoted by position line "L". 
Once speed synchronization is complete, clutch teeth 
126 on range sleeve 124 move through teeth on a 
blocker ring 136 and into meshed engagement with 
clutch teeth 132 on second dutch plate 118. With range 
sleeve 124 positioned in its L position, first ring gear 64 
is braked against rotation such that first sun gear 66 
drives first pinion gears 68 about stationary first ring 
gear 64, whereby planet carrier 76 and second ring 
gear 78 are driven at the reduced speed ratio relative to 
input shaft 56 for establishing the second drive connec- 
tion. Thus, when the second drive connection is estab- 
lished, transfer case 20A is operating in a four-wheel 
low-range drive mode. When range sleeve 124 is in its 
N position, no drive torque is transferred to second ring 
gear 78, thereby establishing the Neutral mode. 
[0021] To provide means for moving range sleeve 
124 between its three distinct positions, synchronized 
range shift mechanism 60 further includes a range fork 
138 having a projection 140 that is retained in a groove 
formed in range sleeve 124. Range fork 138 also 
includes a tubular segment 142 that is journalled for 
sliding axial movement on a shift rail 144, the opposite 
ends of which are supported in sockets formed in hous- 
ing assembly 54. As will be described, transfer case 
20A includes means for causing axial movement of 
range fork 138 and, in turn, range sleeve 124 between 
the three above-noted positions in response to control- 
led actuation of actuator assembly 44. 
[0022] As best seen from FIG. 3. mode dutch 42 is 
arranged for controlling speed differentiation and torque 
biasing between second ring gear 78 and pinion carrier 
86 of interaxle differential 62. Mode clutch 42 is a multi- 
plate friction clutch assembly which includes an outer 



drum 150 fixed for rotation with drive sprocket 106 and 
a clutch pack 152 operably installed between outer 
drum 150 and second ring gear 78. In particular, outer 
drum 150 includes a cylindrical drum housing 154 fixed 

5 0*3., welded) to a housing plate 156 which, in turn, is 
fixed (i.e., welded) to drive sprocket 106. Clutch pack 
152 includes a set of inner clutch plates 158 splined to 
second ring gear 78 which are alternately interleaved 
with a set of outer clutch plates 160 splined to drum 

to housing 154. Clutch pack 152 is shown to be located 
between a reaction plate 162 splined to drum housing 
154 and a pressure plate 164 journalled in drum hous- 
ing 154. A snap ring 166 axially restrains and locates 
reaction plate 162 on drum housing 154. Movement of 

is pressure plate 164 functions to vary the fractional com- 
pressive force exerted on clutch pack 152 for regulating 
speed differentiation and biasing the torque distribution 
between rear output shaft 40 and front output shaft 30. 
[0023] With continued reference to FIGS. 2 and 3, 

20 mode clutch 42 is also shown to include a clutch actua- 
tion mechanism 168 for moving pressure plate 164 
under the control of actuator assembly 46. Clutch actu- 
ation mechanism 168 includes a set of lever arms 170 
disposed adjacent to housing plate 156, a return spring 

25 172 engaging lever arms 170, and a set of thrust pins 
174 retained in throughbores 176 formed in drive 
sprocket 106. Lever arms 170 are equidistant and are 
retained for pivotal movement in radial channels formed 
in drum plate 156. Throughbores 176 are equally- 

30 spaced in a circumferential arrangement and are 
aligned with the radial channels in drum plate 156. In a 
preferred arrangement, clutch actuation mechanism 
168 includes a set of six lever arms 1 70 and thrust pins 
174. As seen, an annular rim projection 178 on pressure 

35 plate 1 64 engages an upper front face 1 80 of each lever 
arm 1 70 while af irst end of each thrust pin 1 74 engages 
a lower rear face 182 of a corresponding lever arm 1 70. 
Thus, axially sliding movement of thrust pins 174 in a 
first (i.e., forward) direction from a fully retracted posi- 

40 tion to a fully extended position causes lever arms 170 
to pivot in opposition to the biasing of return spring 1 72, 
from a first position to a second position. With lever 
arms 170 in the first position, pressure plate 164 exerts 
a predetermined minimum clutch engagement force on 

45 clutch pack 152. In contrast, when lever arms 1 70 are in 
the second position, pressure plate 164 exerts a prede- 
termined maximum clutch engagement force on clutch 
pack 152. 

[0024] To provide means for moving thrust pins 174 
so between the fully retracted and extended positions, 
clutch actuation mechanism 168 further includes a 
mode fork 178 and a thrust bearing assembly 180. 
Mode fork 178 has a tubular segment 181 journalled on 
shift rail 144 and an arm segment 182 with an end por- 
55 tion 184 at least partially surrounding rear output shaft 
40. Thrust bearing assembly 180 includes a thrust ring 
186 and a bearing assembly 188 disposed between 
thrust ring 186 and end portion 184 of arm segment 182 
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on mode fork 178. As seen, the second end of each 
thrust pin 174 engages thrust ring 186. Thus, axial 
movement of mode fork 1 78 on shift rail 1 44 causes cor- 
responding axial movement of thrust pins 1 74 which, as 
noted, functions to control actuation of clutch assembly 
42. 

[0025] Preferably, actuator assembly 46 includes a 
rotary actuator, such as an electric gearmotor 190, 
which is operable for generating an output torque, the 
value of which varies as a function of the magnitude of 
the electrical control signal applied thereto by controller 
48. To provide means for selectively controlling the 
magnitude of the clutch engagement force exerted on 
clutch pack 152, actuator assembly 46 further includes 
a drive mechanism 192. Drive mechanism 192 is inter- 
connected to a rotary output member 194 of gearmotor 
190 for changing its output torque into an axiaily- 
directed force that is used for controlling axial move- 
ment of range sleeve 124 and mode fork 178. According 
to a preferred construction, drive mechanism 192 
includes a sector plate 196 that is rotatably driven 
through a range of angular motion by output member 
194 of gearmotor 190. As will be detailed, sector plate 
196 is operable for causing coordinated axial movement 
of range sleeve 124 and mode fork 178 for establishing 
several different drive modes. 
[0026] To generate axial movement of mode fork 
178, sector plate 196 includes a mode slot 198 within 
which a mode pin 200 is retained. Mode pin 200 is fixed 
to a flange section 202 of mode fork 1 78. The contour of 
mode slot 198 is configured to cause the desired direc- 
tion and amount of axial movement of mode fork 1 78 in 
response to rotation of sector plate 196 for generating 
the desired clutch engagement force. To control axial 
movement of range sleeve 124, sector plate 196 afso 
has a range slot 204 within which a range pin 206 
extends. Range pin 206 rs f ixed to tubular segment 142 
of range fork 1 38. As such, the contour of range slot 204 
is configured to cause controlled axial movement of 
range sleeve 124 in response to controlled rotation of 
sector plate 196. 

[0027] From FIG. 4, it can be seen that sector plate 
1 96 may be rotated about an axis 208 to any one of five 
distinct sector positions, as labelled "LOCK-H", 
"UNLOCK-H", "N", "UNLOCK-L", and "LOCK-L". As will 
be detailed, transfer case 20A is operable for establish- 
ing at least five distinct operative modes, namely, a 
locked four-wheel high-range drive mode, a full-time 
four-wheel high-range drive mode, a Neutral non-driven 
mode, a full-time four-wheel low-range drive mode, and 
a locked four-wheel low-range drive mode. The particu- 
lar operational mode selected is established by the posi- 
tion of mode pin 200 in mode slot 198 and the position 
of range pin 206 in range slot 204. In operation, the 
vehicle operator selects a desired drive mode via actua- 
tion of mode select mechanism 52 which, in turn, sends 
a mode signal to controller 48 that is indicative of the 
selection. Thereafter, controller 48 generates an electric 



control signal that is applied to gearmotor 190 for con- 
trolling the rotated position of sector plate 196. More 
particularly, upon selection of the locked four-wheel 
high-range drive mode, the Neutral mode or the locked 
s four-wheel low-range drive mode, sector plate 196 is 
controllably rotated to each mode's predefined sector 
position, namely LOCK-H, N, or LOCK-L However, 
when either of the full-time four-wheel higlvrange or 
low-range drive modes is selected, power transfer sys- 
w tern 10 is operable for modulating the clutch engage- 
ment force applied to clutch pack 1 52 of mode clutch 42 
as a function of the various sensor input signals. Mode 
select mechanism 52 can take the form of any mode 
selector device which is under the control of the vehicle 
is operator for generating a mode signal indicative of the 
specific mode selected. In one form, the mode selector 
device may be an array of dash-mounted push button 
switches. Alternatively, the mode selector device may 
be a manually-operable shift lever sequentially movable 
20 between a plurality positions corresponding to the avail- 
able operational modes which, in conjunction with a 
suitable electrical switch arrangement generates a 
mode signal indicating the mode selected. In either 
form, mode select mechanism offers the vehicle opera- 
2s tor the option of deliberately choosing between the var- 
r ious operative drive modes. 

[0028] With continued reference to FIG. 4, the con- 
tour of range slot 204 and mode slot 1 98 are defied in 
greater detail. In particular, the contour of range slot 204 
30 is defined by first, second and third cam pathways 208, 
210 and 212, respectively, which correspond to fourth, 
fifth and sixth cam pathways 214, 216 and 218, respec- 
tively, associated with mode slot 198. In the LOCK-H 
sector position shown, mode pin 200 is positioned 
35 within mode slot 198 in proximity to the terminal end of 
fourth cam pathway 214for locating mode fork 178 in a 
locked position, as denoted by position line "LOCK". 
With mode fork 1 78 in this position, thrust pins 1 74 have 
been moved to their fully extended position and lever 
40 arms 170 has been pivoted to their second position. As 
such, the maximum clutch engagement force is exerted 
on clutch pack 152 and mode clutch 42 is considered to 
be operating in a fully-actuated (i.e., locked-op) condi- 
tion. In addition, range pin 206 is shown positioned 
45 within range slot 204 in proximity to the terminal end of 
first cam pathway 208 for positioning range sleeve 124 
in its H position. Accordingly, when mode select mecha- 
nism 52 signals that the vehicle operator has selected 
the locked four-wheel high-range drive mode, controller 
so 48 sends a control signal to gearmotor 190 to rotate 
sector plate 196 to the LOCK-H sector position. To pro- 
vide means for holding sector plate 196 in its LOCK-H 
sector position, power transfer system 10 also includes 
a brake 220, as schematically shown in FIQ. 1. Brake 
S5 220 is an electrically-controlled spring-applied device 
that is operable in a "power-off condition for braking 
rotation of gearmotor output member 194. During con- 
trolled rotation of sector plate 196, an electrical signal 
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from controller 48 maintains brake 220 in its "power-on" 
condition. However, once sector plate 196 has been 
rotated to its LOCK-H position, power to brake 220 is 
interrupted to shift ft into its power-off condition, thereby 
locking sector plate 196 against rotation. 
[0029] H mode select mechanism 52 thereafter sig- 
nals selection of the full-time four-wheel high-range 
drive mode, gearmotor 190 is actuated for rotating sec- 
tor plate 1 96 from the LOCK-H sector position toward its 
UNLOCK-H sector position, whereby the contour of 
fourth cam pathway 214 in mode slot 198 causes axial 
displacement of mode pin 200 which, in turn, causes 
movement of mode fork 178 from the LOCK position 
toward an unlocked position, as denoted by position line 
"UNLOCK". Such movement of mode fork 178 permits 
return spring 172 to urge lever arms 170 toward the first 
position which, in turn, moves thrust pins 174 toward the 
fully retracted position, thereby causing a proportional 
decrease in the clutch engagement force exerted on 
clutch pack 152. During such rotation of sector plate 
196, the contour of first cam pathway 208 maintains 
range sleeve 124 in its H position. Moreover, once mode 
fork 178 is in its UNLOCK position, lever arms 170 are 
located in the first position and mode clutch 42 is con- 
sidered to be in a non-actuated condition, thereby per- 
mitting unrestricted speed differentiation between front 
and rear drjvelines 12 and 14. respectively. 
[0030] According to the present invention, when 
transfer case 20A is operating in its full-time four-wheel 
high-range drive mode, electronically-controlled mode 
clutch 42 is active for providing adaptive control of 
speed differentiation and torque biasing across inter- 
axle differential 62. Specifically, the actuated state of 
gearmotor 190 is continuously monitored and modu- 
lated in accordance with specific predefined relation- 
ships established based on the current value of the 
sensor input signals. Thus, in the full-time four-wheel 
high-range drive mode, power transfer system 10 acts 
as an adaptive system for continuously monitoring and 
automatically regulating the actuated condition of clutch 
assembly 42 in a manner that is independent of any 
deliberate action by the vehicle operator. The magni- 
tude of clutch actuation is defined between the limits of 
bi-directional rotation of sector plate 196 between its 
LOCK-H and UNLOCK-H sector positions. 
J0031 ] Power transfer system 1 0 is also operable to 
permit transfer case 20 A to be shifted out of either of the 
locked and full-time four-wheel high-range drive modes 
and into the Neutral mode. Specifically, upon mode 
select mechanism 52 signalling selection of the Neutral 
mode, gearmotor 190 is actuated for causing sector 
plate 196 to rotate to its N sector position, whereby 
mode pin 200 is positioned within fifth cam pathway 21 6 
of mode slot 198 and range pin 206 is positioned within 
second cam pathway 21 0 of range slot 204. The contour 
of fifth cam pathway 216 is designed to retain mode fork 
178 in its UNLOCK position, whereby clutch assembly 
42 is maintained in the non-actuated condition. How- 



ever, range pin 206 is axially displaced due to the con- 
tour of second cam pathway 210 for shifting range 
sleeve 124 from its H position into its N position. 
[0032] Thereafter, if the full-time four-wheel low- 

5 range drive mode is selected, sector plate 1 96 is initially 
rotated to its UNLOCK-L sector position, Upon such 
movement mode pin 200 is guided in fifth cam pathway 
216 of mode slot 198 for maintaining mode fork 178 in 
its UNLOCK position while range pin 206 is guided 

w within second cam pathway 210 to axial shift range 
sleeve 124 into its L position. Thus, during "range" shift- 
ing of range sleeve 124 between its three distinct posi- 
tions, sector plate 196 Is configured to maintain mode 
clutch 42 in its non-actuated condition. Preferably, auto- 

is matic clutch control in the full-time four-wheel low-range 
drive mode is similar to that disclosed above for opera- 
tion in the full-time four-wheel high-range drive mode, 
wherein gearmotor 190 is actuated in accordance with 
specific predefined relationships established based on 

20 the current value of the sensor input signals for rotating 
sector plate 196 to a position between the limit of its 
UNLOCK-L and LOCK-L sector positions. As such, 
mode clutch 42 is non-actuated when sector plate 196 
is in its UNLOCK-L sector position and is fully-actuated 

25 when sector plate 196 is in its LOCK-L sector position. 
Accordingly, the modulation range is established 
between the limits of bi-directional rotation of sector 
plate 196 between its UNLOCK-L and LOCK-L sector 
positions for causing movement of mode pin 200 within 

30 sixth cam pathway 218 of mode slot 198 for moving 
mode fork 178 between its UNLOCK and LOCK posi- 
tions while range sleeve 124 is maintained in its L posi- 
tion due to the contour of third cam pathway 212. 
[0033] Finally, transfer case 20A can be shifted into 

35 its locked four-wheel low-range drive mode by causing 
sector plate 196 to be rotated to its LOCK-L sector posi- 
tion. In this position, mode pin 200 is positioned in sixth 
cam pathway 218 in proximity to its terminal end for 
locating mode fork 178 in its LOCK position while range 

40 pin 206 is located in proximity to the terminal end of third 
cam pathway 212 for positioning range sleeve 124 in its 
L position. Again, brake 220 is thereafter shifted into its 
power-off condition for mechanically locking sector plate 
196 in its LOCK-L sector position. A spring-biased pop- 

45 pet assembly 222 is provided for generating a signal 
supplied to controller 48 that is indicative of the rotated 
position of sector plate 196. Those skilled in the art will 
understand that gearmotor 190 is operable to rotate 
sector plate 196 in both directions to facilitate shifting 

so between any available modes during motive operation 
of the motor vehicle. Moreover, while power transfer 
system 1 0 is disclosed to provide five different operative 
modes, in some applications it may be decided to limit 
the selection of available drive modes. For example, it is 

55 contemplated that mode select mechanism 52 could be 
easily adapted to permit selection of three drive modes, 
namely, the full-time four-wheel high-range drive mode, 
the Neutral mode, and the locked four-wheel low-range 
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drive mode. However, those skilled in the art will recog- 
nize that the above-described structure for sector plate 
1 96 would still be applicable. 
[0034J With particular reference now to FIG. 5, a 
transfer case 20B is shown which is a mocfified version s 
of transfer case 20A with ihteraxle differential 62 
removed to define an "on-demand" power transfer sys- 
tem. Transfer case 20B is operable to make available at 
least six different drive modes including a two-wheel 
high-range drive mode, an on-demand four-wheel high- w 
range drive mode, a part-time high-range drive mode, a 
Neutral mode, an on-demand four-wheel low-range 
drive mode, and a part-time four-wheel low-range drive 
mode. To provide these operational modes, rear carrier 
ring 74' of planet carrier 76 is shown fixed via a splined 15 
connection 224 to rear output shaft 40. As Such, drive 
torque is transferred from planetary gear assembly 58 
to rear output shaft 40 to define the high-range, Neutral 
and low-range modes while mode clutch 42 is arranged 
to transfer drive torque from rear output shaft 40 to front 20 
output shaft 30 for establishing the available two-wheel 
and four-wheel drive modes. 
[00351 When the part-time four-wheel high-range 
drive mode is selected, gearmotor 190 rotates sector 
plate 1 96 to its LOCK-H sector position such that mode 25 
clutch 42 is fully-actuated and range sleeve 124 is 
located in its H position. Thereafter, brake 220 is shifted 
into its power-off condition to hold sector plate 196 in its 
LOCK-H position. As such, mode clutch 42 acts to cou- 
ple front output shaft 30 fa common rotation with rear 30 
output shaft 40. 

[0036] When the two-wheel high-range drive mode 
is selected, gearmotor 190 rotates sector plate 196 to 
its UNLOCK-H sector position such that mode clutch 42 
is released with range sleeve 124 located in its H posi- 35 
tion. As such, all drive torque is transmitted to rear out- 
put shaft 40. Typically, a wheel or axle disconnect 
system (not shown) under the control of controller 48 
would be actuated to disconnect front drive shaft 28 
from driven connection with front wheels 22 when the 40 
two-wheel drive mode is selected. 
[0037] When the on-demand four-wheel high-range 
drive mode is selected, electronically-controlled mode 
clutch 42 is active for providing adaptive control of the 
torque transfer from rear output shaft 40 to front output 45 
shaft 30. The actuated state of gearmotor 1 90 is contin- 
uously monitored and modulated according to prede- 
fined relationships established based on the sensor 
input signals for automatically regulating the actuated 
state of mode clutch 42. Thus,the magnitude of clutch so 
actuation is defined between the limits of bi-directional 
rotation of sector plate 196 between its UNLOCK-H and 
LOCK-H sector positions. Furthermore, when the Neu- 
tral mode is selected, sector plate 196 is rotated to its N 
sector position and no drive torque is delivered to either ss 
output shaft 

[00381 When the on-demand four-wheel low-range 
drive mode is selected, gearmotor 190 initially rotates 
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sector plate 196 to its UNLOCK-L sector position. 
Thereafter, electronicafly-controlied mode clutch 42 is 
active for providing adaptive control of the torque trans- 
fer from rear output shaft 40 to front output shaft 30. 
Such adaptive control is provided by controlling the 
position of sector plate 196 between its UNLOCK-L and 
LOCK-L sector positions in accordance with specific 
predefined relationships established based on the cur- 
rent values of the sensor input signals sent to controller 
48. Finally, transfer case 20B can be shifted into Its part- 
time four-wheel low-range drive mode by rotating sector 
plate 196 to its LOCK-L sector position to fully-actuated 
mode clutch 42 and locate range sleeve 124 in its L 
position. Again, brake 220 wifl be shifted into its power- 
off condition for locking sector plate 196 in its LOCK-L 
sector position. While six different modes were cfis- 
closed for transfer case 20B, it is contemplated that var- 
ious combinations of these drive modes could be made 
available based on a particular vehicular application. 
[0039] Turning now to FIG. 6, a single-speed full- 
time transfer case 20C is shown which is generally sim- 
ilar to transfer case 20A with the exception that plane- 
tary gearset 58 and synchronized range shift 
mechanism 60 have been eliminated, As such, sun gear 
78 is directly driven by input shaft 56. Transfer case 20C 
permits establishment of at least two distinct operative 
modes including a locked four-wheel drive mode and a 
full- time four-wheel drive moda A modified version of 
sector plate 1 96 would be used with range slot 204 elim- 
inated and mode slot 198 contoured to only move mode 
fork 178 between its locked and unlocked positions. As 
before, selection of the full-time four-wheel drive mode 
results in adaptive control of clutch assembly 42 for 
automatically regulating speed differentiation and 
torque biasing across interaxle differential 62, while 
selection of the locked four-wheel drive mode acts to 
lock interaxle differentia) 62. It will be further appreci- 
ated that a single-speed version of on-demand transfer 
case 20B can likewise be provided in accordance with 
the present invention. 

[0040] Referring now to FIG. 7, a transfer case 20D 
is partially shown schematically to Include an interaxle 
differential 62' which can be used in substitution for 
interaxle differential 62 in any of the full-time transfer 
cases disclosed above. In particular, planet carrier 76 of 
planetary gear assembly 58 is connected to a pinion 
carrier 226 of interaxle differential 62' to define a carrier 
assembly. The gearset associated with interaxle differ- 
ential 62' includes second sun gear 84 which is fixed for 
rotation with rear output shaft 40, a third sun gear 228 
which is fixed to hub segment 108 for rotation with drive 
sprocket 106, a set of second pinions 90 rotatably sup- 
ported on pinion posts 94 secured to pinion earner 226 
and that are meshed with second sun gear 84, and a set 
of third pinions 92 rotatably supported on pinion posts 
96 secured to pinion carrier 226 and which are meshed 
with third sun gear 228. As before, pinions 90 and 94 
are arranged in meshed pairs. In transfer case 20D, 
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clutch pack 152 of mode clutch 42 is operaWy installed 
between pinion carrier 226 and drum 150. Thus, pinion 
carrier 226 acts as the input to differential 62' while sun 
gears 84 and 228 act as its outputs. 
[0041] With respect to any of the full-time and on- 
demand power transfer systems, it is contemplated that 
actuator assembly 44 could comprise various alterna- 
tives to the gearmotor/sector plate system disclosed. 
For example, a linear actuator could be used to axfally 
move mode fork 178 between its UNLOCK and LOCK 
positions which, as noted, causes corresponding move- 
ment of thrust pins 174 between the fully retracted and 
extended positions. Alternatively, a ball-ramp type of 
thrust assembly that is actuated by a electromagnetic 
actuator could be used to move thrust pins 174. One 
specific example of an alternative arrangement is 
shown in FIG. 8 which shows a full-time transfer case 
20E which is a modified version of transfer cases 20A 
and 20C. In particular, mode fork 178 has been 
replaced with a piston 230 that is positioned in, and 
sealed relative to, an annular pressure chamber 232 
formed in a piston housing 233 fixed to housing assem- 
bly 54. Piston 230 is shown to include an axial hub 234 
which acts on bearing assembly 188. As schematically 
shown, a second actuator assembly 236 is provided to 
regulate the pressure of hydraulic fluid delivered from a 
reservoir 238 to pressure chamber 232 for controlling 
the axial position of piston 230 which, in turn, controls 
the axial position of thrust pins 1 74. Thus, the fluid pres- 
sure in pressure chamber 232 is adjustably controlled to 
regulate the actuated condition of mode clutch 42. More 
specifically, when a predetermined minimum fluid pres- 
sure is supplied to pressure chamber 232, lever arms 
1 70 are located in the first position. In contrast, a prede- 
termined maximum fluid pressure in pressure chamber 
232 lunctions to position lever arms 170 in the second 
position. Thus, all of the different drive modes discussed 
above for full-time transfer case 20A are available with 
the hydraulic clutch actuation system provided for trans- 
fer case 20E. Obviously, this hydraulic clutch actuation 
system is likewise applicable for use with on-demand 
transfer case 20B to establish all of its available drive 
modes. 

[0042] If transfer case 20E is equipped with plane- 
tary gear assembly 58, then gearmotor 190 and sector 
plate 196 are still provided for controlling on-the-move 
range shifting of range sleeve 124. Second actuator 
assembly 236 can be mounted to housing assembly 54 
or, alternatively, can be located remotely therefrom. 
Likewise, reservoir 238 can be an internal sump in 
housing assembly 54 or an external fluid supply While 
not specifically limited thereto, second actuator assem- 
bly 236 is shown to include a pump 240 and a flow con- 
trol valve 242 which are supplied with control signals 
from controller 48. A return spring 244 is provided for 
normally urging piston 230 to a retracted position within 
pressure chamber 232. As a further alternative, pump 
240 can be a shaft driven device, such as a gerotor-type 



gear pump, in which the output pressure generated and 
supplied to pressure chamber 232 is proportional to the 
speed difference between output shafts 30 and 40. With 
such a shaft-driven pump, the position of piston 230 and 
5 the clutch engagement force exerted on clutch pack 1 52 
is progressive and generally proportional to the speed 
difference. 

[0043] Due to the use of bi-directional synchronized 
range shift mechanism 60, the two-speed transfer cases 

10 can be shifted "on-the-move" into any available drive 
mode without the requirement that the motor vehicle be 
in a non-motive condition. Preferably, the synchronizing 
capacity of first and second synchronizer assemblies 
120 and 122 are selected to prevent high-range to low- 

75 range shifts when the vehicle speed exceeds a prede- 
termined speed, most preferably in the range of about 
30 to 50 miles per hour. Alternatively, synchronized 
range shift mechanism 60 can be equipped with a shift 
inhibitor mechanism for preventing such a high to low 

20 range shift above a certain vehicle speed. Such shift 
prevention can likewise be controlled electronically in 
association with the control system of the present inven- 
tion. 

[0044] The foregoing discussion discloses and 
25 describes the preferred structure and control system for 
the present invention. However, one skilled in the art will 
readily recognize from such discussion, and from the 
accompanying drawings and claims, that various 
changes, modifications and variations can be made 
30 therein without departing from the true spirit and fair 
scope of the invention as defined in the following claims. 

Claims 

35 1. A transfer case comprising: . 
an input shaft; 

first and second output shafts; 
a planetary gearset including a sun gear fixed 
40 to said input shaft, a ring gear, a carrier cou- 

pled to said first output shaft, and pinion gears 
meshed with said ring gear and said sun gear 
and which are rotatably supported from said 
carrier; 

45 a range clutch fixed to said ring gear and mov- 

able between first and second positions, said 
range clutch is operable in its first position to 
couple said ring gear to said sun gear and is 
operable in its second position to couple said 

so ring gear to a stationary member; 

a transfer mechanism coupled to said second 
output shaft; 

a mode clutch including a drum fixed to sad 
transfer mechanism, a clutch pack mounted 
55 between said drum and said carrier, and a 

thrust mechanism movable between first and 
second positions, said thrust mechanism oper- 
able in its first position to exert a minimum 
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clutch engagement force on said dutch pack to 
permit relative rotation between said drum and 
said carrier, and said thrust mechanism is 
operable in its second position to exert a maxi- 
mum clutch engagement force on said clutch s 
pack to prevent relative rotation between said 
drum and said carrier, and 
an actuator assembly for controlling coordi- 
nated movement of said range clutch and said 
thrust mechanism. w 

2. The transfer case of Claim 1 wherein said range 
clutch Is a range sleeve having clutch teeth that are 
releasably engageabfe with clutch teeth on a first 
clutch plate fixed to said input shaft when said is 
range sleeve is in its first position, and said range 
sleeve clutch teeth are releasably engageable with 
clutch teeth on a second dutch plate fixed to said 
stationary member when said range sleeve is in its 
second position, and further comprising a first syn- 20 
chronizer disposed between said range sleeve and 
said first dutch plate, and a second synchronizer 
disposed between said range sleeve and said sec- 
ond clutch plate. 

25 

3. The transfer case of Claim 1 or 2 wherein said 
thrust mechanism includes a lever arm having a 
first end acting on a pressure plate for exerting said 
clutch engagement force on said clutch pack, and a 
thrust pin having a first end engaging a second end 30 
of said lever arm, and wherein said actuator assem- 
bly includes an actuator member acting on a sec- 
ond end of said thrust pin, and a power-operated 
device for moving said actuator member to cause 
corresponding movement of said thrust pin and 35 
said lever arm. 

4. The transfer case of Claim 3 wherein said transfer 
mechanism indudes a drive sprocket rotataWy sup- 
ported on said first output shaft, a driven sprocket 40 
fixed to said second output shaft, and a chain cou- 
pling said driven sprocket to said drive sprocket, 
and wherein said thrust pins are supported in 
throughbores formed in said drive sprocket. 

45 

5. The transfer case of anyone of the foregoing Claims 
further comprising: 

sensors for detecting an operational character- 
istic of a vehide and generating sensor signals so 
in response thereto; 

a mode select mechanism permitting selection 
of an adaptive four-wheel high-range drive 
mode and a locked four-wheel low-range drive 
mode, said mode select mechanism generat- ss 
ing a mode signal indicative of a particular drive 
mode selected; and 

a control system for controlling said actuator 



assembly in response to said sensor and mode 
signals, said control system being operable for 
moving said range dutch to its first position and 
modulating the position of said thrust mecha- 
nism between its first and second position as a 
function of said sensor signals when said adap- 
tive four-wheel high-range drive mode is 
selected, and said control system is operable 
for moving said range dutch to its second posi- 
tion and said thrust mechanism to its second 
position when said locked four-wheel low- 
range drive mode is selected. 

6. The transfer case of Claim 5 wherein said mode 
select mechanism further permits selection of a 
neutral mode such that said control system causes 
said range clutch to move to a third position and 
said thrust mechanism to move to its first position, 
said range clutch operable in its third position to 
uncouple said ring gear from said sun gear and 
said stationary member. 

7. The transfer case of anyone of the foregoing Claims 
wherein said transfer mechanism includes: 

an interaxle differential having an input mem- 
ber driven by said carrier, a first output member 
driving said first output shaft, and a second out- 
put member driving said second output shaft; 
a drive sprocket rotatably supported on said 
first output shaft and fixed to said drum; 
a driven sprocket fixed to said second output 
shaft; and 

a power transfer device coupling said driven 
sprocket to said drive sprocket 

8. The transfer case of Claim 7 wherein said input 
member of said interaxle differential is a second 
ring gear fixed to said earner, said first output mem- 
ber is a second sun gear fixed to said first output 
shaft, and said second output member is a pinion 
carrier fixed to said driven sprocket, said pinion car- 
rier supporting a gearset meshed with said second 
ring gear and said second sun gear, and wherein 
said clutch pack is mounted between said second 
ring gear and said drum, said thrust mechanism 
indudes a set of lever arms movable between said 
first position whereat said minimum dutch engage- 
ment force is exerted on said clutch pack and said 
second position whereat said maximum clutch 
engagement force is exerted on said clutch pack, 
and wherein said control system indudes an adua- 
tor operable to move said lever arms between said 
first and second positions, and a controller for con- 
trolling actuation of said actuator. 

9. A transfer case comprising: 
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an input shaft; 

first and second output shafts; 
a transfer mechanism coupled to said second 
output shaft and including a drive sprocket 
rotatably supported on said first output shaft; s 
an interaxle differential having an input mem- 
ber coupled to said input shaft, a first output 
member coupled to said first output shaft, and 
a second output member coupled to said drive 
sprocket; 10 
a mode clutch including a drum fixed to said 
drive sprocket and a clutch pack mounted 
between said input member and said drum; 
a clutch actuation mechanism including a lever 
arm having a first end acting on said clutch 15 
pack, a thrust pin supported in a throughbore 
formed in said drive sprocket and having a first 
end acting on a second end of said lever arm, 
and an actuation member acting on a second 
end of said thrust pin, said actuation member 20 
being movable between first and second posi- 
tions for causing corresponding pivotal move- 
ment of said lever arm between a first position 
and a second position, said lever arm operable 
in its first position to exert a minimum clutch 25 
engagement force on said clutch pack and is 
operable in its second position to exert a maxi- 
mum clutch engagement force on said clutch 
pack; and 

a power-operated actuator for controlling 30 
movement of said actuation member between 
its first and second positions. 



I The transfer case of anyone of Claims 9 to 12 
wherein said actuation member is a mode fork, and 
wherein said power-operated actuator includes a 
motor having a drive member operably connected 
to said mode fork for controlling axial movement 
thereof. 

I. The transfer case of anyone of Claims 9 to 13 
wherein said actuation member is a mode piston 
disposed in a pressure chamber, and wherein said 
power operated actuator includes a source of 
hydraulic fluid, a control valve for controlling the 
flow of fluid to said pressure chamber, and a con- 
troller for controlling actuation of said control valve, 
said controller operable to modulate the actuated 
condition of said control valve for moving said mode 
piston between its first and second positions in said 
pressure chamber for modulating the clutch 
engagement force applied on said clutch pack as a 
function of sensor signals. 



10. The transfer case of Claim 9 wherein said mode 
clutch further includes an end plate connecting said 35 
drum to said drive sprocket sad end plate support- 
ing said lever arm for movement between its first 
and second position, and said clutch actuation 
mechanism further comprising a return spring for 
urging said lever arm toward its first position. ao 

,11. The transfer case of Claim 9 or 10 wherein said 
input member of said interaxle differential is a ring 
gear fixed to said input shaft, said first output mem- 
ber is a sun gear fixed to said first output shaft, and 45 
said second output member is a carrier fixed to said 
drive sprocket, said carrier rotatably supporting a 
gearset which is meshed with said sun gear and 
said ring gear. 

so 

12. The transfer case of Claim 9, 10 or 1 1 wherein said 
input member of said interaxle differential is a car- 
rier, said first output member is a first sun gear fixed 
to said first output shaft, and said second output 
member is a second sun gear fixed to said drive 55 
sprocket, and wherein said carrier supports a 
gearset that is meshed with said first and second 
sun gears. 
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(54) Transfer case with synchronized range shift and adaptive clutch control 

(57) A four-wheel drive power transfer system (10) 
is disclosed to include a transfer case (20) having a 
clutch assembly (42) arranged to control speed differen- 
tiation and torque biasing across an lnteraxle differential 
(62), sensors (46) for detecting and generating sensor 
signals indicative of various dynamic and operational 
characteristics of the vehicle, and a controller (48) for 
controlling actuation of the clutch assembly (42) in 
response to the sensor signals. Upon the occurrence of 
•traction loss, the clutch assembly (42) is automatically 
actuated for limiting lnteraxle slip while transferring 
increased drive torque to the non-slipping driveline. 
Under a preferred adaptive control scheme, the actu- 
ated condition of the clutch assembly (42) is controilably 
modulated between its non-actuated and fully-actuated 
limits for automatically varying the magnitude of speed 
differentiation and torque biasing across the lnteraxle 
differential (62) in response to changes in the dynamic 
and operational characteristics of the vehicle. 
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